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Genetic Analysis on Flag Leaf Length of Oryza Longistaminata

ZHANG Mei-jia, WANG Hao-yun,ZHENG Fang-jing, SHAN Yuan-yuan, YANG Jiang-yi, FAN You-rong
(State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources / College of Life Science and

Technology of Guangxi University, Nanning 530004)

Abstract: The flag leaf-related trait is important for the rice yield. The genetic mechanism of flag leaf length
in rice was analyzed to lay a foundation in breeding of new varieties with ideal plant types and improve yield
performance. In this study, the F, population was constructed, using and Balilla (Oryza sativa L. subsp. japonica
S. Kato; short flag leaves; female) pollinated with the O. longistaminata A. Chev. & Roehr. (long flag leaves;
male). Based on the data of phenotype and genotype of the F, populations in three years, the QTL of flag leaf
length and their genetic effects were analyzed. Ten QTL modulating flag leaf length were detected on
chromosome 3, 4, 5, 7, 8, 9, 11 and 12 of rice. Among them, the QTL ¢gFLL9-1 was identified as the major
locus, while the other two QTL gFLL4-1 and gFLLII-1 were newly identified. We further generated a high
generation backcross population BC(F, targeting ¢gFLL9-1, and demonstrated this locus with an important role in
the population. These results will benefit for future fine mapping of this QTL modulating flag leaf length, and the
development and utilization of O. longistaminata A. Chev. & Roehr..
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Fig.1 Diagram of advanced backcross population
construction
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X AR J 2 F G B e RIE Tl , R AL
AR SR ARSI R 75.77+7.49 cm,
BEA R 5 7 Balilla -3 81K Bk 25.4040.32 cm,
P 2 A S A F BRI MK B 2 o A, P-4 6
KN 52.340.74 cm, A TREA Z (E12) . 125k
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Table 1 The flag leaf length of F, population in three years

IR T QI B R QTL 2 fir

10 cm

AAEWHHERS P AR RS ;B A4FH F 5 C - Balilla
A Oryza longistaminata; B: Hybrid F ; C: Balilla
B2 RAKF HSHKE
Fig.2 The flag leaves of two parents and their F,

F, AR B SIM- 3E L 2015 4E 09 10.17~63.73 cm,
{84 32.02+8.56 cm ;2016 4F 4 10.30~55.40 cm , $4{H
47 28.37+8.11 cm;2017 4F4 21.50~111.33 cm, ¥I{E K
50.36+16.03 cm (£ 1) . 45 A EAFHE o & L,
20154F 5 2016 4F F, i R AV 22 5 A K, St B
IR AR 5/ ME XA/ INT 264 5 11 2017 4F F, 1) 2 Al
Bl BB TR A, SR B R R K TR
AT /IME/N TSR AR

3R F 50008 L % BE, 2015 4E 5 2016 4E 1 &1
MR FIE A E AR MBS B35 /N F 2017 4
FL AR, 3 AT BB YA RS AH O . 201512016 4F
F, ARG 58 42 JE T B[R] 76 45 2 5 T 2017 AEREAAR S
R IFEFIRILE 7 A 4, IO B R K=
() H RS R B A R KRR A BRI 2017 4F
FIHE G B REAR S M-K BE R K

W25 X 3 A F, A 0 EA 7w B D0 4y
Mo 3 2 S WA B P AN KRR B
Fen T UL R AN R TIEA 6. Ve
BB PR 5 R IR T 0, AR B IE
BArAi o 3AEREIE s F R f B A4 B 2578
FUE D, HREEGM 0 (K 3) ARG IES
AR o DR F, A S K B 26 43 A 247
e 2 USERT R e YN g

Fy L7 S 54 P ARERE (em) i (em) P 353
Year Number of plants Mean + SD Range Skewness Kurtosis
2015 186 32.02 +8.56 10.17~63.73 0.644 0.800
2016 211 28.37+8.11 10.30~55.40 0.560 0.323
2017 196 50.36 + 16.03 21.50~111.33 0.590 0.261
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A TR A T3 L O 0 1 2] A I e 2 T A
Al Balilla 22 [0] 778 2 25 VE ) 162 X5 20 Fhric 514,
XUEHRC S W ) 5 T KRS 12 Sy faihk . R

&30 3% /3 39 QTL IeiMapping 4.0 % 2015 45
201645 F12017 4 (1) F, HE AR GI K J3 2 760 A1 PR 72
B HEAT 20, A 2 10 4S5 81 - B PR AR 56
i QTL, /A4 T /KRR 4E 3.4.5.7.8.9. 11 fil 12 5
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Fig.3 The frequency distribution of flag leaf length in F, populations for three years

R2 FEESIMKE QTLHESL
Table 2 QTL mapping for flag leaf length in F, population

BLA B0 POCRN FRic XAl LODH BTk (%) TN,
Locus Year Chromosome Marker interval LOD score PVE Additive effects
qFLL3-1 2017 3 C033245~C036812 5.32 6.24 5.88
qFLL3-2 2015 3 C037749~C0311540 6.11 10.32 2.99
qFLL4-1 2015 4 C044735~C049355 3.71 7.21 2.93
qFLL5-1 2015 5 C05176~C051419 3.00 4.92 2.62
qFLL7-1 2015 7 C077260~C0713423 3.92 7.32 -4.73
qFLL7-2 2017 7 C0713423~C0715287 3.68 3.99 -5.99
2015 7 C0715287~C0716650 4.02 6.11 -4.29
2016 7 C0715287~C0716650 6.81 9.99 -5.35
qFLLS-1 2017 8 C082927~C086172 10.53 11.96 6.24
qFLL9-1 2015 9 C0912291~C0914152 9.59 21.28 5.84
2016 9 C0914152~C0916307 13.36 23.93 5.24
2017 9 C0914152~C0916307 14.41 17.30 9.20
qFLLII-1 2016 11 C115478~C117873 3.76 7.08 -1.94
qFLL12-1 2017 12 C1219828~C1222595 5.53 591 -5.81
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Fig.4 Mapping of QTL on chromosomes by molecular markers in three F, populations
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W gFLLY-1 1) LOD {15 1 51 ik 25 76 B 4F i Al 2] 11
QTL AL SRR R, 43714 9.59.13.36 . 14.41 il
21.28%.23.93% .17.30% . #EMiZ A7 45 7] fg & B
R KR 1 R B B FE R 7 s, Ao ok
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Fa G0 () BEAS Balillao Higx 8 AN 55 (gFLL3-1.

qFLL3-2\ qFLL4-1, qFLL5-1. gFLL7-1, qFLLS-1 .
qFLLI1I-1.qFLLI2-1) ¥ JAE S — 4 5 58 vh i
DU, 3 BB p A R0 ] R 32 PRS2 45 K, LOD
1B RN BT Bk 22 R BAR , J&8 T 4 i 8 R R AR
75

5 SCHR P O B R QTL AV A5 bR, &
BUALE 2015 412016 4F 23 iR 0 21 T P9 A4~87 i 42 il
JKRE B M B8 1Y QTL AV f5 gFLL4-1 Fil qFLLII I,
HIX P A 55 1) LOD {E AR AS i85, (IR F 4.0, 5500
K, AT REAEA RIS o 5 5 07 R S B

HoAt A 53 5 SCHR B © 8 A QTL A s ¥ AA 7R
HE(R3) . AR B BN0) FERUL A gFLLI-15
ZAEEMPEIMNKE QTL KM HE ., FE%?

SELH gFLL7-1 F1 Wang 252 58 {57 1) g FL 7 940 85 A
WF 58 5 1 W qFLL7-2, H AT 52 07 #9223 b il
(RM214 .RM3583 ) ibefo; TAM 5T & (Y gFLL7-1 X,
(B PR 5 [T B, AR 7 o S50 2 S 1) FLL-7 W5 F AR AF
FEENL W gFLL7-1 IX[8] o oAt QTL 52 137 14 A it A
TCAL A RS A T 2 B 9 81 K B QTL 2 fif
XA (F3) . DA EZSRFRY] T AT QTL E ALY
AR

3 AHSTEHATRLIR KBRS QTL S BB SR

Table 3 An overview of the QTL identified in our study
and the previous research

71 Sy FARiC X ] E = BTN
Locus Marker interval References
gFLL3-1 (033245~C036812 [16, 29]
gFLL3-2 C037749~C0311540 [16, 29]
gFLL4-1 C044735~C049355

qFLL5-1 C05176~C051419 [31]
qFLL7-1 C077260~C0713423 [2,29-30]
gFLL7-2 C0713423~C0716650 [2,29]
gFLLS-1 C082927~C086172 [29]
qFLLY-1 C0912291~C0916307 [12, 15-16, 25-26, 32]
gFLLII-1 C115478~C117873

gFLLI2-1 C1219828~C1222595 [15,29]

2.3 ERALA qFLLY-1 SR B 32 BR R R 4 4

SR TS U R 1 5 I 9 4 G K B S KA
gFLL9-1 %00, AWE5E L) Balilla A4E [BIEEAS, FREA
H R i (L B Sk A AR ) 2 v AR Tl S AR (81 1) o
B 5 [0 5 AR T, T ik DR 34 T B L
BCF, B & BRE MHK BE 5 gFLL9-1 437 st 35 K Y
A 121 B (K5).
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AAHFAERRALS LAY AB : 2843 2L Y s BB : Balilla 2075 JE AL 5
##FRIR P<0.01; 1 [F]

AA :Homozygous genotype of Oryza longistaminata A. Chev. &
Roehr.; AB:Heterozygous genotype; BB: Homozygous genotype
of Balilla; Significant differences are indicated by **P <0.01;
The same as below

El5 BCF,BFSkqFLL-9-1 (i S EFE S8HKE
Fig.5 The genotype in ¢FLL-9-1 and phenotype of BCF,
individual plants

2021 42 JIFE RS TRl T BCF, BE(AK 64 £k , i
177 IR 5 RS E . qFLL-9-1 57 15 5 R B A
D ) 2 it FUAS B 4 F-F i 4 3 T 2 4 A
M B C0915017 11 C0916477, X 64 ¥k 1E gFLL-9-1
A A W Sty 43 T B b ) R TR R I A R R R AR TR

x4 SEEELUHKESS
Table 4 Flag leaf distribution of the population

o WS B IS 8T gFLL-9-1 43 5 Ak 3 Fp LA
R e 7 22 5 R JL i 25 S5 SR, S K Y
1 CEE AR EZ ) F195% B X 0] 24 3 B KA
W AR AT Al A B R (AA) > 2 & L[ B (AB) >
Balillazli & 3L [F %1 (BB) (£4) .

X} BCF, ARG K B R 47 7 22 [R) o M A 56
KB P=0.021, /N F 0.05, {8 % Jr 2= A 55 1%, FIH
Tamhane's 71545 B & P22 5, 3 Pl IE R RUAE AR AA FI
ABZ[a] ,BBFIAB Z [0] L)} AA I BB Z [H] Sig {4
INF0.01, FETEMN i 25 25 5 (3R 5) o 7E BC,F, Hf{AH
K T B A R DR TR (A A 801 e B A A A
e/ IME 4354 39.13 cm 1 31.13 cm, 17 46 &1 i (1) 4%
1 Balilla 5 [K 54 (BB ) A7 PR &1 < B AR R AR /)
{E.53-5129.60 cm F121.73 cm (5 4) , AA Jt R B A bk
() &1 i BE A A /MELR T BB R AR AR 1 A K
{8, %A gFLL-9-1 SR R 5 61 i AT
G 1:2:1(E5) B T 84, R QTL I
D5 R gFLL-9-1 R TR S 0l Sk 24 A
FHEPE (AB) G B2 A T 25 22 [, 5 i o) T
S (ES) AN B gFLL-9-1 7245 Wil oy T hnid
C0915017 1 C0916477 [ J¥ 41 £ NCBI H 5 #k 1%
i HABE S 2 Tr 41 F X, nl R R s K b 3 1 A A
K B ) TR A gFLL-9-1 FE 67 T 9 5 YLt fA
15.01~16.47 Mb{if & I, WL 224 1.46 Mb,,

FEIH T AL WA (em) e/ ME (em) IR EZE (cm) 95% EAR X ] (cm) iR
Genotype Number of plants Max. Min. Mean + SD 95% confidence interval SE
AA 13 39.13 31.13 34.74+2.748 33.09~36.41 0.762
AB 37 32.60 24.77 28.67+1.817 28.06~29.98 0.300
BB 14 29.60 21.73 26.18+2.278 24.87~27.05 0.609
*5 BCF,EEFBBGMHKERZEDH
Table 5 Significance analysis of flag leaves between three genotypes of BC(F,
FERTIT FEATY ) ¥12{E(1-J) (em) FrifEiR BFENE
Genotype | Genotype J Mean difference(1-J) SE Sig
AA AB 6.078 0.819 0.000
BB 8.567 0.9759 0.000
AB AA -6.078 0.819 0.000
BB 2.489 0.678 0.005
BB AA -8.567 0.975 0.000
AB -2.489 0.678 0.005

PIZEAH SR AL 15 HE R R ) TR R G IR RSP B 1 22 (8 s PR - PRI R0 15 B DR AR T TR vy 1 I RSP B 22 5 38k - SR TR R T

SEERAY T PR T S 1 B 2

Mean difference: The difference value between the mean values of flag leaf length between genotype I and genotype J; SE: Standard deviation of

the mean length of flag leaves in genotype I and genotype J; Sig: Significant differences in flag leaf length between genotype I and genotype J
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